The wealth of marine sponges and soft corals in Indonesian waters represents a rich source of natural products. However, anthropogenic pressures potentially decrease diversity in coral reefs. Presented here are trends for tropical sponge and soft coral biodiversity and their bioactivity potential under the influence of increasing anthropogenic pressures. Samples were collected along transects (near, mid, and far) at Karimunjawa and Seribu Islands Marine National Parks and environmental parameters (salinity, pH, dissolved oxygen (DO), phosphate, nitrate, and ammonia), sponge and soft coral biodiversity, and the bioactivity potential of those organisms (50% Growth Inhibition (GI 50 ) of cancer cell lines H460-Lung, MCF7-Breast, and SF268-CNS) are compared. The environmental conditions and biodiversity were found to be significantly different between groups of sampling sites (P<0.05). Canonical Discriminant Analysis (CDA) revealed DO was the discriminant factor driving the separation between groups (90.1%). Diversity tended to be higher in the Far group with strong and significant relation to DO (R = 0.611, P<0.05) and ammonia (R = -0.812, P<0.05). The CDA also showed that an increase in bioactivity (low % GI 50 ) of sponge and soft coral extracts was related to a canonical function (57.21%) consisting of high DO, high pH, and low nutrients. These findings indicate the production of bioactive compounds is related to diversity and complexity of coral reef systems. Therefore, strategies for marine protection by mitigating the impacts of anthropogenic pressures needs to be optimized in order to conserve the overall environment and sustain its natural bioactivity potential indefinitely.
Introduction
The search for biologically active natural products from coral reef organisms has been a topic of considerable interest for at least three decades. The occurrence of bioactive compounds in benthic organisms such as sponges and soft corals is directly related their ecological challenges, e.g., defensive or offensive strategies in living space maintenance (Haber et al. 2011 ; Pawlink, 2011; De Caralt et al. 2013) . It can be inferred from an ecological point of view that the diversity and complexity of coral reef communities are key to the production of bioactive compounds by benthic organisms. However, significant anthropogenic pressures arise in regions adjacent to coral reefs that cause considerable damage to both their structure and integrity. Examples include, coral mining, destructive fishing activities, domestic industrial aquatic pollution, all of which are direct threats to the diversity of benthic coral reef communities (Crabbe et al., 2004; Caras & Pasternak, 2009; Haapkyla et al. 2009; Aeby et al., 2011) . Furthermore, these anthropogenic activities have all been reported as causes of tropical coral reef degradation. An increase of dissolved inorganic nitrogen was recorded from 1997-2004 in the Seribu Islands Marine National Park, revealing that significant pressures are being placed on that environment by human activity (Sachoemar, 2008) .
The production of bioactive compounds is influenced by ecological factors. Research in this area has so far been restricted to particular invertebrate species, and there are only a few reports concerning the effects of anthropogenic pressures on the overall bioactivity potential of marine benthic invertebrates, especially in Indonesian tropical coral communities. Previous research has shown that production is negatively related to water quality and positively related to biodiversity of predators and benthic competition (Fleury et al., 2004; Hoover et al., 2008; Januar et al., 2011; He et al., 2014) . Thus, the research reported here looked to see if there were any bioactive compound production shifts as reefs degrade and change, and investigated directly whether there is any clear correlation between prevailing environmental conditions and biodiversity, and the bioactivity potential of sponges and soft corals. Two marine parks were selected for the study, namely the Karimunjawa and Seribu I slands Marine National Parks, as representatives of coral reef areas that are currently exposed to anthropogenic pressures (Edinger et al. (1998) and Sachoemar (2008) ).
Material and Methods

Study Sites and Water Quality Analysis
The study was conducted at Karimunjawa and Seribu Islands Marine National Parks, northern part of Java Island, Indonesia (Figure 1a & 1b) . Three representative sites (Near, Mid, and Far) were selected at each location along a distance gradient from the main inhabited island (Karimunjawa and Pramuka Island) to inv estigate possible relationships concerning biodiversity and bioactivity potential under the influence of anthropogenic pressures.
The sites at 3 km (Menjangan Kecil Island, S5°5 3' 24.4" E110° 24' 08.3"), 11 km (Burung Island, S5°5 3' 22.1" E110° 20' 26.0") , and 16 km (Bengkoang Island, S5° 44' 30.2" E110° 24' 07.2"), f rom Karimunjawa Island Harbor represented Near, Mid, and Far environmental conditions in Karimunjawa Marine National Park (Figure 1c) . Likewise, the sites at 0.5 km (Gosong Panggang, S5° 44' 34.5" E106° 36' 37.8"), 3 km (Ayer Island, S5° 45' 37.8" E106° 35' 26.6") , and 9 km (Kotok Island, S5° 42' 23.0" E106° 32' 24.6 ), DO, and pH were conducted immediately on board, above the sampling site, using a portable colorimeter Hach DR-890 and a rugged probe DO and pH-meter.
Sample Collection, Extraction, Taxonomic
Identification, and Bioassay
Fresh soft corals and sponges (n = 46) were harvested by SCUBA diving with the intent of collecting as many different genera from each site. Samples were immediately immersed in methanol (CH 3 OH) until required. On return to the laboratory samples were divided into two portions. The first portion (5 g) was macerated twice (each for 24 hours) with ice cold CH 3 OH. Resultant extracts were filtered, evaporated All CH 3 OH extracts were tested for their cytotoxic activity towards three human tumor cell lines; H460 (lung), MCF-7 (breast) and SF268 (CNS). Extract doses ranging from 3.1 to 250 µg/ml were tested so as to obtain IG 50 values for each. The cytotoxicity screening was conducted using the sulforhodamine B (SRB) assay based on Skehan et al. (1990) .
Data Analysis
Data processing and statistical analyses were performed according to Huang et al. (2011) . Differences in seawater variables and bioactivity levels at each site was analysed by Kruskall-W allis analysis. Quantification of the relationship between seawater variables and diversity of samples were analysed by bivariate Spearman analysis. Canonical Discriminant Analysis (CDA) was employed to define the pattern of environmental conditions at Near, Mid, and Far sites in both marine parks. The bioactivity was graded for the multivariate analysis, where IG 50 < 20 µg/ml was categorized as High, 20-100 µg/ml as Moderate, and 100-250 µg/ml as Low. An IG 50 > 250 µg/ml was classified as Inactive. To define the pattern of environmental conditions, a CDA was applied to sponges and soft corals that showed a specific level of cytotoxic activity (High, Moderate, Low, and Inactive). Analysis of Similarities (ANOSIM) and Similarity Percentage (SIMPER) were applied to determine the differences between environmental parameters at each site (Near, Mid, and Far) , and between each bioactivity group (High, Moderate, Low, and Inactive), as well as the factors that contributed to these differences. Prior to multivariate analyses, data were log transformed and normalized. All statistical analyses were performed with Past Statistical Software v3.08 (Hammer et al. 2001 ).
Results and Discussion
Environmental Parameters
Seawater parameters measured at sampling sites (depth 5-9 m) in both marine parks are shown in Figure  2 . ) either decreased or remained constant along the distance gradient. A statistically significant pattern was not observed for salinity in either marine park. Statistical unconstrained multivariate Canonical Discriminant Analysis (CDA) was used to def ine the most discriminating environmental parameters at sampling sites in both marine parks (Figure 3 ).
The CDA found DO and nutrient levels explained the variance of environmental parameters at different sites in both marine parks. The level of DO mainly contributed to CDF 1 and explained 90.1% of variance, while nutrient levels (PO 4 3-, NO 3-and NH 3 ) contributed to CDF 2 and explained 9.89% of variance between groups of sites. Multivariate One-Way ANOSIM confirmed the Near sites were significantly different from Mid and Far sites (P<0.05) and that Mid and Far were not significantly different from each other based on significant overlap of their 95% confidence limit eclipses. The difference between groups of sites was explained by SIMPER that showed DO, PO Nutrient rich ef fluents entering coral reef environments usually come from domestic runoff or chemical fertilizers, indicating human activities are responsible for negative pressures put on reefs (Shuiwang et al., 2000) . Higher DO values may indicate differences in localized hydrodynamics, such as stronger currents, resulting in greater exchange of water and/or negligible organic contamination in the environment. However, the results of this analysis confirmed that the six reef locations examined were impacted by anthropogenic pressures and that these pressures generally decreased with distance from the inhabited islands in both marine parks.
Diversity of Sponges and Soft Corals
Taxonomic identification of the 46 sponge and soft coral samples revealed that examples from 20 different genera had been collected from Karimunjawa and Seribu Islands Marine National Parks (Table 1) . Fourteen genera were sponges (phylum Porifera) and six were soft corals belonging to the phylum Cnidaria, class Anthozoa, subclass Octocorallia, order Alcyonacea. A Kruskal-Wallis statistical analysis found the diversity between locations (Seribu Island and Karimunjawa) was not significantly different for sponges but was significantly different for soft corals (P<0.05). The average ratio of sponge to soft coral diversity in Seribu Islands Marine National Park was roughly 1:1 while in Karimunjawa Marine National Park it was found to be 3:1 (Figure 4a ). Biogeographically favourable growth parameters, recruitment dispersion, settlement substrata, predatory pressures and/or other specific conditions not considered in this research Figure 1 ). might be factors behind the tendency towards higher soft coral diversity at the Seribu Islands Marine National Park sites and similarly for the tendency towards greater sponge diversity in Karimunjawa Marine National Park. Furthermore, the difference in sponge and soft coral diversity between sites (Near, Mid, and Far) was found to be significantly different (P < 0.05) in both locations. Overall, the study found diversity decreased as distance between the mainland and the sites decreased (Figure 4b ). This likely serves as an indication of biodiv ersity loss through anthropogenic stressors emanating from the inhabited islands within both marine parks.
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Taxonomic Assignment was found in the Far group, with strong and significant correlation to DO (R = 0.611, P<0.05) and NH 3 (R = -0.812, P<0.05). Higher DO and lower NH 3 levels generally indicate low organic carbon and low nutrient contamination in the local marine environment. DO serves as an oxidizing agent that is sensitive to the amount of organic contamination in seawater, hence higher levels of DO are indicative of healthy and/or recovering environments. Even though both sponges and soft corals are known to be resistant towards environmental stressors in comparison to hard corals, without adverse effects (Koop et al. 2001; Fleury et al. 2004) , it was found that their diversity tended to decrease with increasing anthropogenic pressures. Both sponges and soft corals are likely to favour oligotrophic conditions, as is the case for hard corals. A similar result was reported by Powell et al. (2010) and showed the density of sponges was directly correlated to live coral cover.
Bioactivity Potential of Sponges and Soft Corals
A Spearman correlation analysis revealed a strong and significant relationship (R>0.8, P<0.05) between the activities obtained with each of the three cancer cell lines (H460, MCF-7, and SF265) for each extract ( Figure 5 ). Based on this samples if were categorized as High, Mod, Low or Inactive. The cytotoxicity exhibited by both sponges and soft corals, which are sessile, relates to their ability to defend themselves in a very competitive coral reef environment (Lages et al. 2006 ).
High and moderate cytotoxic activities were observed for soft corals in the genera Sinularia, Nephthea, Sarcophyton, and the family Gorgoniacea. Indeed, soft corals are well known for their ability to produce cytotoxic cembranoid compounds (MichalekWagner et al. 2001; Lages et al. 2006; Januar et al. 2010; Rocha et al. 2011) . Meanwhile, similar activities were exhibited by the CH 3 OH extracts of the sponges from the genera Aaptos, Dactylia, Dictyonellida, Acanthella, Axinella, Cribrochalina, Neofibularia, and Rhabdastrella. Various compounds have been detected in Indonesian sponges, particularly those from Karimunjawa and Seribu Islands Marine National Parks, such as the cytotoxic aaptamine from Aaptos sp., and betaines, and/or various brominated compounds from Axinella sp. (Januar et al. 2007; Dewi et al. 2012) , the source of which may in fact be their symbiotic bacteria (Uria & Piel, 2009 Multivariate CDA of bioactivity groups (High, Mod, Low, and Inactive) and environmental parameters showed that specific combinations of these were related to higher cytotoxicity in sponges and soft corals ( Figure 6) . Specifically, the analysis showed higher DO and pH, together with low nutrient levels (PO ) were related to a canonical function (57.21%) that defined the High and Mod activity groups. In contrast, the Low and Inactive groups were related to higher nutrient values and lower DO and pH. One-Way ANOSIM revealed no significant differences between the Inactive and Low groups or between the Mod and High groups as a result of the environmental parameters. However, a significant difference (P<0.05) was observed between the Inactive/ Low groups and the Mod/High groups. Therefore, it can be generalized that there were two distinct environments: (1) high DO, high pH, and low nutrient promoting high bioactivity potential (IG 50 < 100 µg/ml) and (2) low DO and high nutrient levels reducing bioactiv ity potential (IG 50 > 100 µg/ml). This categorisation was supported by SIMPER analysis which that found DO, pH, NH This study showed that the overall trends for bioactivity potential of sponges and soft corals at particular reefs were clearly influenced by human activities -stressors. These results support the findings of several previous ecological studies undertaken on single species. In particular, investigation of the soft coral, Nephthea spp., indicated that bioactive compound diversity was directly related to environmental parameters (Januar et al. 2011; . Likewise, an earlier study focussing on Sarcopyton spp., showed that the production of cembranoids and the overall bioactivity decreased at higher nutrient levels, hence the soft coral was compromised, limiting its ability to compete for space and defend itself against predators (Fleury et al., 2004; Iswani et al., 2014) . As shown by Turon and colleagues for sponges, there seems to be a clear trade-off between energy invested for growth and that used for the production of bioactive compounds (Turon et al. 2009 ).
Conclusion
The diversity of tropical soft corals and sponges was found to decrease closer to inhabited islands in both the Seribu Islands and Karimunjawa Marine National Parks. The observed decrease related directly to higher nutrient concentrations in these areas, which serve as indicators of increased anthropogenic pressures. Consequently, the bioactivity potential of the organisms being compromised was also negatively impacted as natural diversity decreased. Strategies for marine protection, for instance by mitigating the impacts of anthropogenic pressures, urgently need to be optimized to ensure biodiversity, and hence the bioactivity potential of its marine benthic organisms, is conserved.
